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(54) MOSFET with structured source/drain region and method for producing the same 



(57) A semiconductor device having a device sepa- 
ration region and an active region includes a gate oxide 
film, a source/drain region, and an electrode which is 
electrically coupled to the source/drain region. The 
active region is in contact with the gate oxide film at a 
first lace, a portion of the source/drain regions being 
located above the first face. The electrode is in contact 
with the source/drain region at a second face, the sec- 
ond face constituting an angle with respect to the first 
face. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION: 5 

[0001 ] The present invention relates to a semiconduc- 
tor device. In particular, the present invention relates to 
a semiconductor device in which a source/drain region 
occupies a reduced area so as to decrease the parasitic 
capacitance and parasitic resistance of the source/drain 
region, as well as a method for producing the same. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] In general, smaller insulation gate type field 
effect transistors (FETs) become more susceptible to 
problems such as fluctuation in the threshold voltage 
due to variation in the gate length caused by processing 
variations, an increased off-leak current due to deterio- 
ration of subthreshold characteristics, and deterioration 
of transistor characteristics due to short channel effects, 
e.g., so-called punch-through. 

[0003] One method for solving such problems has 
been to reduce the junction depth of the source/drain 
regions adjoining a channel region of a transistor. A 
reduced junction depth can be realized by, for example, 
a structure in which source/drain regions (stacked diffu- 
sion layers) are stacked on both sides of a gate elec- 
trode so as to be located above the channel region via 
gate electrode lateral wall insulation films. 
[0004] Figures 22 A, 22B, and 22C are cross-sectional 
views illustrating steps of a conventional method for 
forming stacked diffusion layers. 
[0005] As shown in Figure 22A, a gate electrode 1 005 
whose upper face and side walls are covered with an 
insulation film 1006 is formed upon a semiconductor 
wafer 1001, with a gate insulation film 1004 interposed 
therebetween. The semiconductor wafer 1001 generally 
includes an active region 1003 (composed of a silicon 
substrate) and device separation regions 1002 (com- 
posed of a silicon oxide film). 

[0006] Next, as shown in Figure 22B, a selective epi- 
taxial growth method is used to grow a silicon film 1007 
exclusively in regions (source/drain regions) where the 45 
silicon surface is exposed, thereby forming stacked dif- 
fusion layer regions (which are composed of a semicon- 
ductor) in the source/drain regions. A selective epitaxial 
growth method is disclosed in Japanese Laid-open 
Publication No. 61 -1 96577. so 
[0007] As shown in Figure 22C, an interlayer insula- 
tion film 1008 is formed, and upper wiring 1010 is cou- 
pled to the source/drain regions 1007 via contact wires 
1009. 

[0008] After the silicon film (epitaxial silicon, polycrys- 55 
talline silicon, etc.) has been formed above the channel 
region, impurity ions are implanted so as to form the 
source/drain regions. By thus implanting impurity ions in 



the stacked silicon films which are located above the 
channel region, it becomes possible to reduce the junc- 
tion depth of the source/drain region impurity diffusion 
layers relative to the channel region of the transistor. As 
a result, so-called short channel effects can be effec- 
tively prevented. 

[0009] The source/drain regions 1007 extend from the 
gate electrode 1005 to the device separation regions 
1002 along a direction X-X' (commonly referred to as 
the "gate length direction") which is perpendicular to the 
Longitudinal direction of the gate electrode. When con- 
tact holes are formed in such source/drain regions 
1007, the length of each source/drain region 1007 will 
be determined as follows. 

[0010] Figure 15 is a diagram illustrating the relation- 
ship between a gate electrode, an active region, and 
contact holes. A positioning margin p is provided 
between the gate electrode and each contact hole. 
Each contact hole has a width o. The contact holes are 
positioned with respect to the source/drain regions with 
a margin q as illustrated in Figure 15. It will be appreci- 
ated that the length of each source/drain region 1007 
cannot become smaller than p + o + q in the semicon- 
ductor device illustrated in Figure 22C. 
[001 1 ] Thus, it is difficult to reduce the area occupied 
by the source/drain regions in accordance with the sem- 
iconductor device disclosed in Japanese Laid-open 
Publication No. 61-196577. 

SUMMARY OF THE INVENTION 

[001 2] A semiconductor device having a device sepa- 
ration region and an active region according to the 
present invention includes a gate oxide film, a 
source/drain region, and an electrode which is electri- 
cally coupled to the source/drain region, wherein the 
active region is in contact with the gate oxide film at a 
first face, a portion of the source/drain regions being 
located above the first face; and wherein the electrode 
is in contact with the source/drain region at a second 
face, the second face constituting an angle with respect 
to the first face. 

[0013] In one embodiment of the invention, the sec- 
ond face is substantially rugged. 
[0014] In another embodiment of the invention, a por- 
tion of the source/drain region partially covers the 
device separation region. 

[001 5] In still another embodiment of the invention, the 

height of the source/drain region as measured from the 

first face along a direction perpendicular to the first face 

increases toward the gate electrode. 

[001 6] In still another embodiment of the invention, the 

second face has a curved profile. 

[0017] In still another embodiment of the invention, a 

portion of a contact hole for interconnecting the 

source/drain region and upper wiring is present on the 

surface of the source/drain region. 

[0018] In still another embodiment of the invention, a 
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distance between an end of the gate electrode and an 
end of the contact hole that is located away from the 
gate electrode in a cross section extending along a 
direction perpendicular to a longitudinal direction of the 
gate electrode and through a center of the contact hole s 
is larger than a distance between the end of the gate 
electrode and an interlace between the active region 
and the device separation region. 
[0019] In still another embodiment of the invention, a 
width of the contact hole as measured in a cross section 
extending along a direction perpendicular to a longitudi- 
nal direction of the gate electrode and through a center 
of the contact hole is larger than a distance between an 
end of the gate electrode and an interface between the 
active region and the device separation region. 
[0020] In still another embodiment of the invention, in 
a cross section extending along a direction perpendicu- 
lar to a longitudinal direction of the gate electrode, a dis- 
tance between an end of the gate electrode and an 
interface between the active region and the device sep- 
aration region is smaller than a width of the gate elec- 
trode, the width of the gate electrode defining a gate 
length of the semiconductor device. 
[0021] In still another embodiment of the invention, a 
diffusion coefficient of an impurity within a stacked layer 
constituting the source/drain region is larger than a dif- 
fusion coefficient of an impurity within the semiconduc- 
tor substrate. 

[0022] In still another embodiment of the invention, the 
diffusion coefficient of the impurity within the stacked 
layer is about 2 to about 1 00 times as large as the diffu- 
sion coefficient of an impurity within the semiconductor 
substrate. 

[0023] In still another embodiment of the invention, the 
stacked layer includes polycrystalline silicon. 
[0024] In still another embodiment of the invention, the 
polycrystalline silicon includes columnar crystals. 
[0025] In still another embodiment of the invention, the 
polycrystalline silicon has a grain size of about 50 nm or 
less. 

[0026] In still another embodiment of the invention, a 
surface of the gate electrode and the source/drain 
region is covered by a two-layer film, the two-layer film 
including a polycrystalline silicon film and a refractory 
metal silicide film. 

[0027] In still another embodiment of the invention, a 
junction depth of the source/drain region from the first 
face is about 0.8 to about 2 times as large as a width of 
the gate electrode lateral wall insulation film. 
[0028] In another aspect of the invention, there is pro- 
vided a method for producing a semiconductor device 
having a device separation region and an active region, 
the method including the steps of: forming the device 
separation region on a silicon substrate from a material 
which substantially withstands silicon etching; sequen- 
tially forming a gate insulation film, a gate electrode, 
and a gate electrode lateral wall insulation film; coating 
a polycrystalline silicon film having a thickness which is 



larger than a distance between the gate electrode and 
the device separation region along a direction perpen- 
dicular to a longitudinal direction of the gate electrode; 
and performing an anisotropic etching until the poly- 
crystalline silicon film above the gate electrode is sub- 
stantially removed. 

[0029] In one embodiment of the invention, the 
method further includes an ion implantation step of 
introducing an impurity to form the source/drain region, 
the impurity becoming one of a donor and an acceptor, 
and wherein the gate electrode is formed by the intro- 
duction of the impurity to become the one of a donor 
and an acceptor; and the introduction of the impurity to 
become the one of a donor or an acceptor for the gate 
electrode and the source/drain region is performed 
simultaneously by ion implantation. 
[0030] Alternatively, the method for producing a sem- 
iconductor device according to the present invention 
includes the steps of: forming a device separation 
region on a silicon substrate from a material which sub- 
stantially withstands silicon etching; sequentially form- 
ing a gate insulation film, a gate electrode, and a gate 
electrode lateral wall insulation film; coating a polycrys- 
talline silicon film; performing an anisotropic etching 
until the polycrystalline silicon film above the gate elec- 
trode is substantially removed; and removing a portion 
of the polycrystalline silicon film, the polycrystalline sili- 
con film having been formed on a lateral wall of the gate 
electrode with the gate electrode lateral wall insulation 
film being interposed between the polycrystalline silicon 
film and the lateral wall of the gate electrode. 

(1) In accordance with the above constitution, the 
parasitic resistance of the source/drain region can 
be reduced. The surface of the source/drain region 
becomes more elevated with respect to the active 
region on the semiconductor substrate toward the 
gate electrode. As a result, when an impurity dop- 
ing for the source/drain region is performed by ion 
implantation, the junction depth becomes smaller 
toward the gate electrode, thereby effectively pre- 
venting short-channel effects, which would other- 
wise become problematic when constructing a 
downsized semiconductor device. 

Since it is possible to secure a large surface 
area relative to the area occupied by the 
source/drain region according to the present inven- 
tion, the contact area between the source/drain 
region and upper wiring can be increased, thereby 
reducing the contact resistance relative to the occu- 
pied area. 

In the case of a configuration employing a sali- 
ctde (i.e.. self aligned silicide), the surface area 
which is converted into a silicide is increased rela- 
tive to the occupied area according to the present 
invention, thereby achieving low resistance. Moreo- 
ver, failure of silicidation of fine wiring due to hin- 
drance of reaction can be alleviated, which has 
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conventionally been a problem in silicidation reac- 
tions. 

Moreover, the constitution according to the 
present invention obviates any vertical protrusion at 
a gate position, whereby various problems associ- 5 
ated with such vertical protrusions of gates during 
semiconductor device manufacture are solved. For 
example, the problem of an insufficient etching ratio 
between a vertical protrusion and an underlying 
stopper layer during etching, e.g., self-aligned con- 10 
tact (SAC) process, can be prevented so as to facil- 
itate etching. In addition, it is easy to flatten the 
interlayer insulation film above the gate portion. 
Since the active region is not exposed to the atmos- 
phere after the source/drain regions are formed, the is 
active region is prevented from being damaged dur- 
ing etching and/or contamination during ion implan- 
tation. 

(2) According to the present invention, the surface 20 
of each source/drain region exhibits a curved 
and/or slanted profile in a cross section taken along 

the direction perpendicular to the longitudinal direc- 
tion of the gate electrode. As a result, the surface 
area of each source/drain region of the semicon- 25 
ductor device (relative to the area which is occupied 
by the source/drain region) can be more effectively 
increased according to the present invention than in 
conventional structures incorporating source/drain 
regions having a linear profile. 30 

(3) According to the present invention, at least a 
portion of a contact hole for coupling the surface of 
the source/drain region to wiring is present on the 
surface of the source/drain region. In other words, 35 
the diameter of the contact hole aperture can be 
prescribed to be larger than the length of a portion 

of the active region from an end of the gate to the 
device separation region in a cross section extend- 
ing along a direction perpendicular to a longitudinal 40 
direction of the gate electrode. As a result, the 
diameter of the contact aperture can be increased, 
thereby facilitating contact hole formation. 

In conventional structures, contact holes need 
to be provided on the source/drain region surface, 45 
so that the diameter of each contact needs to be 
smaller than the width of each source/drain region, 
thereby making difficult the process of making con- 
tact apertures. Furthermore, in accordance with the 
device structure of the present invention, a suffi- so 
cient contact area can be secured by providing a 
contact hole which has a longer dimension along 
the longitudinal direction of the gate electrode than 
the dimension along a direction perpendicular to 
the longitudinal direction of the gate electrode. ss 

(4) In accordance with an embodiment of the inven- 
tion, the distance between an end of the gate elec- 



trode and an end of the contact hole that is located 
away from the gate electrode in a cross section 
extending along the direction perpendicular to the 
longitudinal direction of the gate electrode and 
through the center of the contact hole is larger than 
the distance between the end of the gate electrode 
and an interface between the active region and the 
device separation region. 

As a result, it is possible to provide a large con- 
tact hole without increasing the source/drain area, 
thereby achieving facility in the contact hole forma- 
tion and reduction in the junction capacitance, 
which depends on the source/drain junction area. 

(5) In accordance with an embodiment of the inven- 
tion, the width of the contact hole as measured in a 
cross section extending along the direction perpen- 
dicular to the longitudinal direction of the gate elec- 
trode and through the center of the contact hole is 
larger than the distance between an end of the gate 
electrode and an interface between the active 
region and the device separation region. 

As a result, it is possible to maximize the con- 
tact area between the contact holes and the source 
and drain, while minimizing the source/drain area. 
Thus, the contact resistance can be reduced. 

(6) In accordance with an embodiment of the inven- 
tion, in a cross section extending along the direction 
perpendicular to the longitudinal direction of the 
gate electrode, the distance between an end of the 
gate electrode and an interface between the active 
region and the device separation region is smaller 
than the width of the gate electrode (i.e., the gate 
length of an MIS (metal insulator semiconductor) 
type semiconductor device). 

As a result, the area occupied by the device 
can be minimized, and the parasitic junction capac- 
itance at the source/drain region can also be mini- 
mized. 

(7) In accordance with an embodiment of the inven- 
tion, the diffusion coefficient of an impurity within a 
stacked layer constituting the source/drain region is 
larger than a diffusion coefficient of an impurity 
within the semiconductor substrate. 

As a result, when performing a heat treatment 
for diffusing and activating an impurity, the diffusion 
occurs very rapidly down to the interface between 
the stacked layer and the semiconductor substrate, 
but only slowly into the silicon substrate. As a result, 
the junction depth of the source/drain regions from 
the interface between the stacked layer and the 
semiconductor substrate is less likely to be affected 
by variation in the height of the stacked regions, 
thereby making it possible to produce a shallow 
junction with much controllability. 
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(8) In accordance with an embodiment of the inven- 
tion, the diffusion coefficient of an impurity within 
the stacked layer is about 2 to about 100 times as 
large as the diffusion coefficient of an impurity 
within the semiconductor substrate. 5 

As a result, the junction depth of a portion the 
source/drain region from the interface between the 
stacked layer and the semiconductor substrate is 
less likely to be affected by variation in the height of 
the stacked regions, thereby making it possible to 10 
produce a shallow junction with much controllability. 

(9) In accordance with an embodiment of the inven- 
tion, the stacked layer constituting the source/drain 
region stacked above the semiconductor substrate is 
is composed essentially of polycrystalline silicon. 

Since polycrystalline silicon films are com- 
monly used in the manufacture of semiconductor 
devices, there is no need to introduce new appara- 
tuses in the process or to determine any new set of 
process conditions. It is also unnecessary to use a 
large amount of hydrogen as in the case of employ- 
ing a selective epitaxial growth apparatus. Thus, 
the apparatus which is required for manufacturing a 
semiconductor device according to the present 25 
invention occupies much less space than a selec- 
tive epitaxial growth apparatus (which would 
require large size equipment for hydrogen removal). 

(10) In accordance with an embocfiment of the 30 
invention, the polycrystalline silicon are columnar 
crystals. 

As a result, the diffusion of impurity occurs very 
rapidly within the polycrystalline silicon film, and an 
impurity which is doped into the polycrystalline sili- 35 
con film can be allowed to diffuse into the silicon 
substrate with good controllability. The depth of the 
source/drain regions is less likely to be affected by 
variation in the height of the polycrystalline silicon, 
thereby making it possible to produce a shallow 40 
junction with much controllability. 

(11) In accordance with an embocfiment of the 
invention, the polycrystalline silicon has a grain size 

of about 50 nm or less. 45 

By employing a polycrystalline silicon having 
such a small grain size, it becomes possible to 
obtain a large diffusion coefficient relative to the dif- 
fusion coefficient within the semiconductor sub- 
strate. It is also possible to minimize the variation in so 
the width of the polycrystalline silicon side walls 
due to the grains of polycrystalline silicon during 
etching back. 

(12) In accordance with an embocfiment of the ss 
invention, the gate electrode and the source/drain 
stacked layer are composed essentially of a two- 
layer film including a polycrystalline silicon film and 



an overlying refractory metal silicide film. 

As a result, it is possible to realize a very low- 
resistance contact even without increasing the con- 
tact area between the source/drain region and 
upper wiring. Furthermore, since a silicide film 
exists near the channel region, it is possible to min- 
imize the parasitic resistance despite a small 
source/drain junction area, thereby improving the 
driving current performance of the device. It also 
becomes possible to utilize the silicide layer as an 
etching stopper layer during contact hole etching. 

(13) A method tor producing an MIS type semicon- 
ductor device formed on a semiconductor substrate 
including a device separation region and an active 
region according to the present invention includes 
the steps of: forming the device separation region 
on a silicon substrate from a material which sub- 
stantially withstands silicon etching; sequentially 
forming a gate insulation film, a gate electrode, and 
a gate electrode lateral wall insulation film; coating 
a polycrystalline silicon film having a thickness 
which is larger than the distance between the gate 
electrode and the device separation region along 
the direction (gate length direction) perpendicular 
to the longitudinal direction of the gate electrode; 
and performing an anisotropic etching until the 
polycrystalline silicon film above the gate electrode 
is substantially removed. 

Specifically, in accordance with the method for 
producing a semiconductor device of the present 
invention, a polycrystalline silicon film having a 
thickness which is larger than the distance between 
the gate electrode and the device separation region 
(i.e., the source/drain region width) and an aniso- 
tropic etch back process is performed. Because of 
the deposition of the polycrystalline silicon film hav- 
ing a thickness larger than the distance between 
the gate electrode and the device separation region 
(i.e., the source/drain region width), the silicon sub- 
strate is prevented from being exposed and/or dam- 
aged by an anisotropic etch-back process. By 
forming the stacked layers by the sides of the gate 
electrode lateral walls through an anisotropic etch- 
back process, it is ensured that the end of each 
stacked layer extends at least partially on a device 
separation region, which in itself is formed of a 
material which substantially withstands silicon etch- 
ing. Since merely performing the above etch-back 
process may result in the source region and the 
drain region short-circuiting with each other, it is 
necessary to separate the stacked region of poly- 
crystalline silicon (formed on the lateral walls of the 
gate electrode) into discrete source/drain regions. 

(14) Alternatively, a method for producing a semi- 
conductor device of the present invention includes 
the steps of: forming a device separation region on 
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a silicon substrate from a material which substan- 
tially withstands silicon etching; sequentially form- 
ing a gate insulation film, a gate electrode, and a 
gate electrode lateral wall insulation film; coating a 
polycrystalline silicon film: performing an aniso- 5 
tropic etching until the polycrystalline silicon film 
above the gate electrode is substantially removed; 
and removing a portion of the polycrystalline silicon 
film, the polycrystalline silicon film having been 
formed on a lateral wall of the gate electrode with 
the gate electrode lateral wall insulation film being 
interposed between the polycrystalline silicon film 
and the lateral wall of the gate electrode. 

As a result, it is possible to form source/drain 
regions which are stacked above the gate electrode 
in a self-aligned manner. 

(15) Yet another method for producing a semicon- 
ductor device of the present invention includes an 
ion implantation step of introducing an impurity to 
form the source/drain region, the impurity becoming 
a donor or an acceptor (more precisely, the doped 
region becomes a donor or an acceptor). As 
described above, the stacked layers of source/drain 
regions (which are stacked above the semiconduc- 
tor substrate) are composed of a material such that 
the diffusion coefficient of an impurity within the 
stacked layers is larger than the diffusion coefficient 
of an impurity within the semiconductor substrate. 
As a result, even by simultaneously performing the 
impurity doping for the gate electrode and the impu- 
rity doping for the source/drain regions, it is possi- 
ble to produce a device which can prevent the 
depletion of the gate electrode and/or the penetra- 
tion of the impurity into the channel region, and 
which does not have an offset configuration (i.e., a 
configuration in which the source/drain regions do 
not substantially reach the channel region in the lat- 
eral direction due to insufficient diffusion). 

(16) In accordance with an MIS type semiconductor 
device according to the present invention, 
source/drain regions are provided so as to adjoin 
gate electrode lateral wall insulation films flanking 
the gate electrode and extend above an active 
region surface, in such a manner that the junction 
depth of the source/drain region from the first face 
is about 0.8 to about 2 times as large as the width 
of the gate electrode lateral wall insulation film. 

[0031] Thus, the invention described herein makes 
possible the advantages of (1) providing a semiconduc- 
tor device whose source/drain regions occupy relatively 
small areas; and (2) providing a method for producing 
the same. 

[0032] These and other advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 



description with reference to the accompanying figures. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

Figure 1 is a cross-sectional view illustrating a sem- 
iconductor device 10 according to Example 1 , taken 
along a direction (X-X") which is perpendicular to 
the longitudinal direction of a gate electrode 104. 

Figure 2 is a diagram illustrating the flow of a cur- 
rent in a cross section of the semiconductor device 
10 according to Example 1, taken along the direc- 
tion (X-X*) perpendicular to the longitudinal direc- 
tion of the gate electrode 104. 

Figure 3 is a cross-sectional view of the semicon- 
ductor device 1 0, schematically illustrating its para- 
sitic capacitance. 

Figure 4 is a cross-sectional view of a conventional 
semiconductor device, schematically illustrating its 
parasitic capacitance. 

Figure 5 is a cross-sectional view illustrating a sem- 
iconductor device 20 according to Example 2, taken 
along a direction (X-X*) which is perpendicular to 
the longitudinal direction of a gate electrode 204. 

Figure 6 is a cross-sectional view illustrating 
another semiconductor device 30 according to 
Example 2, taken along a direction (X-X*) which is 
perpendicular to the longitudinal direction of a gate 
electrode 204. 

Figure 7 is a crass-sectional view illustrating a sem- 
iconductor produced according to Example 3 at one 
manufacturing step thereof. 

Figures 8A to 8G show respective steps of a proc- 
ess of manufacturing the semiconductor device 20. 

Figure 9 is a cross-sectional view illustrating a sem- 
iconductor device, taken along a direction (X-X*) 
which is perpendicular to the longitudinal direction 
of its gate electrode. 

Figure 1 0 is a plan view of a semiconductor device 
illustrating a state in which a polycrystalline silicon 
film 308 is left around a gate electrode 304 with a 
gate electrode lateral wall insulation film 305 inter- 
posed therebetween. 

Figure 1 1 is a plan view of a semiconductor device 
illustrating separated source/drain regions. 

Figure 12 is a diagram illustrating the directions in 
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which an impurity is diff used out of a polycrystalline 
silicon film to become source/drain regions, into 
which an impurity has been implanted. 

Figure 13 is a cross-sectional view illustrating an s 
impurity diffusion layer which results from preferar 
ble thermal diffusion. 

Figure 14 is a cross-sectional view illustrating an 
impurity diffusion layer having an offset. to 

Figure 15 is a plan view of a semiconductor sub- 
strate, illustrating the relationship between a gate 
electrode, an active region, and contact holes. 

15 

Figure 16 is a plan view showing a semiconductor 
substrate produced in accordance with an embodi- 
ment of the present invention. 

Figures 17A to 17G show respective steps of a 20 
process of manufacturing a semiconductor device 
according to the present invention. 

Figure 18 is a cross-sectional view illustrating a 
semiconductor device according to Example 5 of 2s 
the present invention, taken along a direction (X-X 1 ) 
which is perpendicular to the longitudinal direction 
of a gate electrode 507. 

Figure 19A is a cross-sectional view illustrating a 30 
semiconductor device in which the distance 
between two adjoining gate electrodes is shorter 
than two times the side wall width d, taken along a 
direction (X-X*) which is perpendicular to the longi- 
tudinal direction of gate electrodes of the semicon- 35 
ductor device. 

Figure 19B shows an equivalent circuit of the sem- 
iconductor device of Example 6 of the present 
invention. 40 

Figure 20 is a cross-sectional view illustrating a 
semiconductor device according to Example 6 of 
the present invention, taken along a direction (XOC) 
which is perpendicular to the longitudinal direction 45 
of its gate electrode. 

Figure 21 is a cross-sectional view illustrating 
another semiconductor device according to Exam- 
ple 6 of the present invention, where a dummy gate so 
electrode is provided. 

Figures 22A, 22B, and 22C are cross-sectional 
views illustrating steps of a conventional method for 
forming stacked diffusion layers. ss 

Figure 23 illustrates data concerning N-channel 
transistors which were produced by implanting 



phosphorous ions (as an impurity for forming the 
source/drain regions) with an implantation energy 
of about 50 keV in a dose amount of about 5 x 
lO^/cm 2 , and performing a heat treatment under 
the conditions of about 800°C (nitrogen atmos- 
phere) for about 120 minutes; about 850°C (nitro- 
gen atmosphere) for about 30 minutes: about 
900°C (nitrogen atmosphere) for about 10 minutes: 
or about 850° C (oxygen atmosphere) for about 30 
minutes. 

Figure 24 illustrates such data concerning N-chan- 
nel transistors which were produced by implanting 
phosphorous ions (as an impurity for forming the 
source/drain regions) with an implantation energy 
of about 50 keV in a dose amount of about 5 x 
lO^/cm 2 or about 1 x lO^/cm 2 , followed by a rapid 
thermal annealing (RTA) at about 1050°C (nitrogen 
atmosphere) for about 1 0 seconds. 

Figure 25 illustrates such data concerning P-chan- 
nel transistors which were produced by implanting 
boron ions (as an impurity for forming the 
source/drain regions) with an implantation energy 
of about 15 keV in a dose amount of about 5 x 
lO^/cm 2 . and performing a heat treatment under 
the conditions of about 800°C (nitrogen atmos- 
phere) for about 120 minutes: about 850°C (nitro- 
gen atmosphere) for about 30 minutes; about 
900°C (nitrogen atmosphere) for about 10 minutes; 
or about 850°C (oxygen atmosphere) for about 30 
minutes. 

Rgure 26 illustrates such data concerning P-chan- 
nel transistors which were produced by implanting 
boron ions (as an impurity for forming the 
source/drain regions) with an implantation energy 
of about 15 keV in a dose amount of about 5 x 
lO^/cm 2 or about 1 x lO^/cm 2 . followed by a rapid 
thermal annealing (RTA)at about 1050°C (nitrogen 
atmosphere) for about 10 seconds. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(Example 1) 

[0034] Hereinafter, a semiconductor device according 
to Example 1 of the present invention will be described 
with reference to Figures 1 to 3. 
[0035] Rgure 1 is a cross-sectional view illustrating a 
semiconductor device 1 0 according to Example 1 . taken 
along a direction (X-X*) which is perpendicular to the 
longitudinal direction of a gate electrode 1 04 of the sem- 
iconductor device 1 0. 

[0036] The semiconductor device 10 is formed on a 
semiconductor substrate 100 which generally includes 
device separation regions 101 and an active region 102. 
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Specifically, the semiconductor device 10 is an MIS type 
semiconductor element located chiefly in the active 
region 102 of the semiconductor substrate 100. The 
semiconductor device 10 includes the device separation 
regions 101, the active region 102, a gate oxide film 
103, a gate electrode 104, gate electrode lateral wall 
insulation films 105, and source/drain regions 106. 
[0037] The source/drain regions 106 adjoin the 
respective gate electrode lateral wall insulation fflms 
105. A substantial portion of each source/drain region 
106 is located above the active region surface A- A', 
which marks an interface between the gate insulation 
film 103 and the active region 102. 
[0038] Specifically, each source/drain region 106 is 
shaped so that the distance h, from the active region 
surface A-A' to the surface of the source/drain region 
106 in a cross section taken along the direction (X-X*) 
perpendicular to the longitudinal direction of the gate 
electrode 104, increases toward the gate electrode 104 
and decreases toward the device separation region 
101. 

[0039] A boundary (C-C) between the active region 
102 and the device separation region 101 comes 
between (along the direction (X-X*) perpendicular to the 
longitudinal direction of the gate electrode 1 04) the lat- 
eral wall of the gate electrode 1 04 and the farther end of 
the source/drain region 106 (B-B f ). 
[0040] In other words, the gate electrode 104 (which 
is electrically insulated from the active region 102) and 
the source/drain regions 106 are formed so as to cover 
both the active region 102 and a portion of the device 
separation regions 101 in such a manner as to conceal 
any stagger between the device separation regions 101 
and the active region 102. 

[0041] As a result, the problem of low yield, which 
would arise due to vertical stagger or protrusion of the 
gates of conventional semiconductor devices, is sub- 
stantially eliminated. For example, it is relatively easy to 
provide a substantially flat interlayer insulation film in 
accordance with the semiconductor device 10. Since 
any stagger between the device separation regions 1 01 
and the active region 102 is covered by the source/drain 
regions 106, reflection of light is prevented in such stag- 
gered portions, thereby facilitating lithography. 
[0042] The height h of the source/drain regions 1 06 as 
measured from the active region surface A-A* to the 
exposed surface of the source/drain regions 106 
becomes larger toward the gate electrode 104. As a 
result, after performing an ion implantation for doping an 
impurity into the source/drain regions 1 06, the resultant 
source/drain region 106 has a depth IV (as measured 
from the active region surface A-A*) which gradually 
decreases toward the gate electrode 104. Conse- 
quently, the so-called short channel effects, which 
would become problematic typically when constructing 
a downsized semiconductor device, can be effectively 
prevented. Specifically, the depth h' is defined as the 
depth of the source/drain regions 106 as measured 



from the active region surface A-A' down to the junction 
between the source/drain regions 106 and the semicon- 
ductor substrate 100 (which, in the case of usual CMOS 
devices, corresponds to a well region having the oppo- 
5 site conductivity type to that of the source/drain regions 
106). 

[0043] Figure 2 is a diagram illustrating the flow of a 
current in a cross section of the semiconductor device 
10 according to Example 1 . taken along the direction (X- 
io X*) perpendicular to the longitudinal direction of the gate 
electrode 104. 

[0044] As shown in Figure 2, a portion of each contact 
hole 107 for coupling the surface of each source/drain 
region 106 to upper wiring (not shown) is present on the 

75 surface of the source/drain region 106. Although only 
the outer contours of the contact holes 1 07 are shown in 
Figure 2, it is assumed that the contact holes 107 are 
filled with a portion of the upper wiring and the like. 
[0045] Referring back to Figure 1 , in the semiconduc- 

20 tor device 1 0, each source/drain region 1 06 has a sur- 
face area which is larger than the area which is 
occupied by the source/drain region 106 on the active 
region surface A-A*. Consequently, the semiconductor 
device 10 has a smaller contact resistance between the 

25 source/drain region 1 06 and the upper wiring than that 
of a conventional semiconductor device. In other words, 
for the same contact hole 107 diameter, the semicon- 
ductor device 10 can provide a reduced contact resist- 
ance between the source/drain region 106 and any 

30 upper wiring. 

[0046] In the case where the semiconductor device 1 0 
is designed to have the same contact resistance as that 
of a conventional semiconductor device, the area occu- 
pied by the semiconductor device 10, in particular the 

35 area occupied by the source/drain regions 106, can be 
made smaller than that of a conventional semiconductor 
device. In other words, the junction area between each 
source/drain region 106 and the semiconductor sub- 
strate 100 can be reduced without increasing the con- 

40 tact resistance, thereby effectively reducing the junction 
capacitance. 

[0047] Thus, in accordance with the semiconductor 
device 10, the occupied area, the parasitic capacitance 
(junction capacitance), and the parasitic resistance can 
45 be reduced without increasing the contact resistance. 
As a result, a very large transconductance can be 
obtained. 

[0048] Hereinafter, the flow of a current in the semi- 
conductor device 10 will be described, ft is assumed 
so that each contact hole 1 07 is filled with a metal for con- 
necting the upper wiring to the respective source/drain 
region 106. 

[0049] According to the present invention, the propor- 
tion of a high-resistance region D in the flow path of the 
55 current is very small, so that the parasitic resistance of 
the source/drain regions 106 is reduced as compared to 
that of a conventional semiconductor device. Further- 
more, the current path becomes broader toward the 
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contacts disposed in the contact holes 107 (i.e.. away 
from the vicinity of the channel region 110). thereby fur- 
ther reducing the parasitic resistance. As a result, the 
current driving performance of the semiconductor 
device 10 is enhanced, and the transconductance is s 
improved. 

[0050] Figure 3 is a cross-sectional view o1 the semi- 
conductor device 10. schematically illustrating its para- 
sitic resistance. Figure 4 is a cross-sectional view of a 
conventional semiconductor device, schematically illus- 10 
trating its parasitic resistance. In Figures 3 and 4, Rcorrt 
denotes contact resistance; Rsd denotes source/drain 
resistance; and ReJ denotes the spreading resistance of 
an extended junction (so-called extension). 
[0051] In accordance with the semiconductor device is 
1 0 (Figure 3), the distance to the channel from the plane 
at which contact holes 107 come in contact with each 
source/drain region 106 is much smaller than that in the 
conventional semiconductor device (Figure 4). As a 
result, the source/drain resistance of the semiconductor 20 
device 10 is smaller than that of the conventional semi- 
conductor device. 

(Example 2) 

25 

[0052] Hereinafter, a semiconductor device 20 
according to Example 2 of the present invention will be 
described with reference to Figure 5. 
[0053] Figure 5 is a cross-sectional view illustrating 
the semiconductor device 20 according to Example 2. 30 
taken along a direction (X-X*) which is perpendicular to 
the longitudinal direction of a gate electrode 204 of the 
semiconductor device 20. 

[0054] The semiconductor device 20 includes device 
separation regions 201. an active region 202, agate 35 
oxide film 203, a gate electrode 204. gate electrode lat- 
eral wall insulation films 205, source/drain regions 206, 
and contact holes 207. The surface of each 
source/drain region 206 exhibits a curved profile in a 
cross section taken along the direction (X-X") perpen- 40 
dicular to the longitudinal direction of the gate electrode 
204. As a result, the source/drain regions 206 of the 
semiconductor device 20 have a larger surface area 
than that of the source/drain regions 106 of the semi- 
conductor device 10 even if the source/drain regions 45 
206 and the source/drain regions 106 occupy the same 
area on the substrate. Thus, the semiconductor device 
20 allows for an increased connecting area between the 
source/drain regions and the upper wiring in the contact 
holes 207. so 
[0055] The methods for producing the semiconductor 
device 20 will be described later in Examples 3 and 4. 
[0056] As described in Examples 3 and 4, by etching 
back polycrystalline silicon to form source/drain regions 
206 which are stacked above the channel region, ss 
source/drain regions 206' having a rugged surface can 
be formed due to the grains in the polycrystalline silicon, 
as shown in Figure 6. thereby providing a further 



increased surface area. 
(Example 3) 

[0057] Hereinafter, a method for producing the semi- 
conductor device according to Example 3 of the present 
invention will be described with reference to Figures 7 
and8Ato8G. 

[0058] Figure 7 is a cross-sectional view illustrating 
the semiconductor to be produced according to Exam- 
ple 3 at one manufacturing step thereof. The semicon- 
ductor device shown in Figure 7 includes a 
semiconductor substrate 301. device separation 
regions 302, a gate oxide film 303, a gate electrode 304. 
gate electrode lateral wall insulation films 305. a silicon 
oxide film 306, and polycrystalline silicon films 308 to 
become source/drain regions. In the present example, 
the inventive semiconductor device is produced by 
employing a so-called "salicide" process in which a sili- 
cide film is formed over a gate electrode, a source 
region, and a drain region in a self-aligned manner. 
[0059] In Figure 7. the gate electrode 304 is designed 
so as to have a gate length which is equal to the mini- 
mum processing dimension F of the semiconductor 
device. The distance a between the gate electrode 304 
and each device separation region 302 is prescribed so 
that a > b + c . where b represents the thickness of 
each gate electrode lateral wall insulation film 305 and c 
represents an alignment margin for aligning the gate 
electrode 304 with respect to the device separation 
region 302. In general, the margin c substantially equals 
F/3. 

[0060] The area on the semiconductor substrate sur- 
face that is occupied by each source/drain region can 
be calculated as a product of the value a - (b + c) mul- 
tiplied by the gate width of the transistor. Basically, the 
width a - (b + c) must be large enough to allow an 
impurity serving as a donor or an acceptor to.be dif- 
fused from the stacked region, and should be minimized 
for a reduced junction capacitance unless the parasitic 
resistance is greatly increased. 

[0061] Specifically, the semiconductor device in Fig- 
ure 7 is designed by the following rule: F = 0.24 jim. The 
respective dimension parameters are prescribed as fol- 
lows: a = about 0.16 nm; b = about 0.05 urn; and c = 
about ± 0.08 urn. 

[0062] Figures 8A to 8G show respective steps of a 
process of manufacturing a semiconductor device. 
[0063] By using a known method, device separation 
regions 302, agate oxide film 303, agate electrode 304, 
and gate electrode lateral wall insulation films 305 are 
formed on a semiconductor substrate 301, or a well 
region provided therein (Figure 8A). A silicon oxide film 
306 is formed on the gate electrode 304. which in itself 
is composed of a polycrystalline silicon film. The gate 
electrode lateral wall insulation films 305 can be com- 
posed of silicon oxide and silicon nitride films. Each 
gate electrode lateral wall insulation film 305 may be 
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composed of a single layer, as illustrated in Figure 8A, 
etc. 

[0064] As shown in Figure 8B, a polycrystalline silicon 
film 307 is deposited by a chemical vapor deposition 
(CVD) method. It is important that the polycrystalline sil- s 
icon film 307 be deposited without any substantial spon- 
taneous oxidation formed at an interface between the 
surface of an active region of the semiconductor sub- 
strate 301 and the deposited polycrystalline silicon film 
307. The reason is that, when an impurity which has io 
been introduced in the polycrystalline silicon film 307 to 
serve as a donor or an acceptor is diffused into the sem- 
iconductor substrate 301 through thermal diffusion, any 
oxidation film that is present at the interface between 
the active region surface of the semiconductor substrate is 
301 and the polycrystalline silicon film 307 would act as 
a diffusion barrier to hinder uniform impurity diffusion 
(resulting in non-uniform source/drain junction depths), 
and this would result in unwanted variation in the tran- 
sistor characteristics. 20 
[0065] In order to substantially prevent a spontaneous 
oxidation film from being formed at an interlace between 
the active region surface and the polycrystalline silicon 
film 307, the polycrystalline silicon film 307 can be 
deposited in the semiconductor device shown in Figure 25 
8 A by employing the following method. 
[0066] According to the present example, a low-pres- 
sure CVD (LPCVD) apparatus which includes a prelimi- 
nary evacuation chamber, a nitrogen purge chamber 
whose dew point is always maintained at about -1 00 °C, 30 
and a deposition furnace, is employed to deposit a poly- 
crystalline silicon film without allowing any spontaneous 
oxidation film to form at an interface between the active 
region surface of the semiconductor substrate and the 
polycrystalline silicon film to be deposited. 35 
[0067] Specifically the semiconductor substrate 301 
(Figure 8A) is washed with a fluorine type solution 
immediately before depositing the polycrystalline silicon 
film 307. After removing the spontaneous oxidation film, 
the semiconductor substrate 301 is conveyed into the 40 
preliminary evacuation chamber. The preliminary evac- 
uation chamber is subjected to a vacuum evacuation to 
remove the atmosphere which existed during the con- 
veyance, and thereafter the semiconductor substrate is 
conveyed into the nitrogen purge chamber, whose 45 
atmosphere has been replaced by a nitrogen atmos- 
phere with a dew point which is always maintained at 
about -100°C. 

[0068] The nitrogen purge chamber is employed to 
effect a nitrogen purge in order to substantially com- so 
pletely eliminate the water molecules which have been 
adsorbed on the wafer surface. The inventors of the 
present invention have confirmed through experimenta- 
tion that the water molecules adsorbed on the wafer sur- 
face, which cannot be eliminated within a vacuum, can 55 
be substantially completely eliminated through nitrogen 
purge. 

[0069] In a conventional LPCVD apparatus, the wafer 



would be conveyed into the deposition furnace with the 
aforementioned water molecules being still adsorbed on 
tne wafer surface. The deposition of a polycrystalline sil- 
icon film is conventionally performed at a temperature in 
the range of about 550°C to about 700°C. When the 
wafer is brought into such a high-temperature deposi- 
tion furnace, the oxygen component of the adsorbed 
water molecules reacts with the silicon wafer, whereby a 
spontaneous oxidation film may form on the silicon 
wafer surface before the deposition of the polycrystal- 
line silicon film. Thus, a spontaneous oxidation film may 
be formed at an interface between the active region sur- 
face of the semiconductor substrate and the deposited 
polycrystalline silicon film. 

[0070] In contrast, in accordance with the LPCVD 
apparatus of the present example, the semiconductor 
substrate is conveyed into the nitrogen purge chamber 
whose dew point is always maintained at about -100°C 
so as to substantially completely eliminate the adsorbed 
water molecules, before the semiconductor substrate is 
conveyed into the deposition furnace. As a result, the 
polycrystalline silicon film 307 can be formed without 
allowing a spontaneous oxidation film to form. 
[0071] Then, in the next step, the polycrystalline sili- 
con film 307 is subjected to an anisotropic etch-back 
process as to leave a polycrystalline silicon film 308 in 
the fashion of a pair of side walls adjoining the gate 
electrode lateral wall insulation films 305. as shown in 
Figure 8C. 

[0072] It should be noted that the ends of the polycrys- 
talline silicon film side walls resulting after the aniso- 
tropic etch-back process must at least partially overlap 
the respective device separation regions 302. 
[0073] If the distance a is prescribed so as to be 
longer than the width d of the polycrystalline silicon film 
side walls as shown in Figure 9, the silicon substrate 
301 may be eroded by the anisotropic etch-back proc- 
ess. Thus, the silicon semiconductor substrate 301 may 
be damaged so that the junction leak current may 
increase and the short-channel effects may be aggra- 
vated due to a deepened junction. 
[0074] The width d of the polycrystalline silicon film 
side walls is determined by the protrusion of the gate 
electrode 304 (i.e., its height including the silicon oxide 
film 306 formed on the gate polycrystalline silicon film 
304) and the thickness of the deposited gate polycrys- 
talline silicon film 307. Specifically, the width d of the 
polycrystalline silicon film side walls must satisfy 
d > a + c . In the present example, it is assumed that a 
= about 0.16 urn; c (alignment margin between the gate 
electrode 304 and each device separation region 302) = 
about ± 0.08 11m; and d (width of the polycrystalline sili- 
con film side walls) = 0.3 jim. Furthermore, the protru- 
sion of the gate electrode 304 is prescribed as about 
300 nm to about 400 nm. and the thickness of the 
deposited gate polycrystalline silicon film 307 is pre- 
scribed as about 400 nm to about 500 nm. 
[0075] The various parameter values are a mere 
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exemplification of the F = 0.24 rule. It will be appre- 
ciated that the present invention can also be realized by 
employing other parameter values which satisfy 
a > b + c and d > a + c . 

[0076] Furthermore, in order to reduce the gate lateral s 
wall capacitance, it is necessary to minimize the projec- 
tion of the gate electrode while satisfying d > a + c . 
[0077] The polycrystalline silicon film 307 is etched 
back in the above-described manner. The etch-back 
process is performed by employing a helicon-type RIE 
apparatus with a gaseous mixture of chlorine and oxy- 
gen under a pressure of about 0.3 pa. An endpoint 
detection device (EPD) is preferably employed so as to 
ensure that the polycrystalline silicon film 307 is over- 
etched by about 10% to about 30%. 
[0078] Merely performing an etch-back process 
leaves the polycrystalline silicon film 308 around the 
gate electrode 304 with the gate electrode lateral wall 
insulation films 305 interposed therebetween, as shown 
in Figure 10. 

[0079] Now, in order to utilize the polycrystalline sili- 
con film as stacked source/drain regions, it is necessary 
to separate the source/drain regions as shown in Figure 
11. 

[0080] In the present example, regions other than the 
regions to be removed are covered with a resist mask, 
and a dry etching is performed to define the 
source/drain regions. 

[0081 ] The etching may be performed so as to allow a 
degree of side etching to ensure that the source/drain 
regions are securely separated even in the case where 
the gate electrode lateral walls are not substantially per- 
pendicular with respect to the substrate surface (i.e., the 
gate section has a larger upper portion than its lower 
portion). Such etching is preferable because, rf the gate 
section has a larger upper portion than its lower portion, 
the gate section may serve as a mask to prevent the 
portion of the polycrystalline silicon film 308 that is 
present around the gate electrode and which needs to 
be removed from being sufficiently etched away. Such 
etching to allow a degree of side etching is performed by 
employing a helicon-type RIE apparatus with a gaseous 
mixture of hydrogen bromide and oxygen under a pres- 
sure of about 0.4 pa. 

[0082] After the silicon oxide film 306 above the gate 
electrode polycrystalline silicon film 304 is etched away, 
impurity ions are implanted so as to form source/drain 
regions. According to the present example, as shown in 
Figure 8D. doping for the gate electrode 304' and the 
doping for the source/drain regions 308* are effected 
simultaneously. 

[0083] Hereinafter, exemplary ion implantation condi- 
tions according to the present example will be 
described. 

[0084] For example, the thickness f of the gate poly- 
crystalline silicon film may be about 200 nm to about 
250 nm, and the largest height g (Figure 7) of the 
stacked regions, near the gate electrode, may be about 



200 nm to about 300 nm. In the case of ion implantation 
for an n-channel transistor, phosphorous ions are 
implanted with an energy of about 20 keV to about 80 
keV in a dose of about 1 x 10 15 to about 1 x lO^/cm 2 . 
In the case of ion implantation for a p-channel transistor, 
boron ions are implanted with an energy of about 10 
keV to about 40 keV in a dose of about 1 xio 15 to about 
1 x lO^/cm 2 . 

[0085] In order to prevent penetration through the gate 
oxide film due to channeling and to control the diffusion 
within the polycrystalline silicon film, the ion implanta- 
tion may be performed by beginning with a previous 
implantation of about 5 x I0 14 /cm 2 to about 5 x 
lO^/cm 2 silicon ions and making an amorphous semi- 
conductor. In this case, the grain boundaries in the poly- 
crystalline silicon are destroyed to some extent. 
Therefore, it is necessary to select amorphous condi- 
tions which are suitable for the respective impurity ion 
species when forming a CMOS. 
[0086] Next, after ion implantation, the semiconductor 
substrate into which ions have been implanted is sub- 
jected to a heat treatment at about 800°C to about 
950°C for about 10 to about 120 minutes. Alternatively, 
the semiconductor substrate into which the ions have 
been implanted is subjected to a rapid thermal anneal- 
ing (RTA) at about 950°C to about 1 100°C for about 10 
to about 60 seconds. As a result, the implanted impurity 
is activated and diffused into the silicon substrate. The 
heat treatment needs to be performed so as to cause 
the impurity to thermally diffuse deep enough to prevent 
the source/drain regions from being located offset with 
respect to the gate electrode. Specifically, the impurity 
needs to be diffused over a lateral distance that corre- 
sponds to the thickness of each gate electrode lateral 
wall insulation film. In order to enhance the transistor 
characteristics (i.e.. so as to prevent short-channel 
effects and improve the driving current), it is necessary 
to minimize the junction depth while ensuring that the 
source/drain regions are not offset with respect to the 
gate electrode. 

[0087] Hereinafter, the thermal diffusion of impurities 
will be described with respect to Figures 12 to 14. 
[0088] Figure 1 2 is a diagram illustrating the directions 
in which an impurity is diffused out of a polycrystalline 
silicon film to become source/drain regions, into which 
an impurity has been implanted. As shown in Figure 12, 
the impurity is diffused not only in the lower directions 
but also in the lateral directions (e.g.. toward the left of 
point A). 

[0089] When effecting thermal cfiffusion of the impu- 
rity, it is preferable to allow the impurity to diffuse deep 
enough to prevent any offset in the lateral direction, as 
shown in Figure 13. Preferably, the diffusion is effected 
so that the junction depth is equal to or greater than 
about 0.8 times the thickness of the gate electrode lat- 
eral wall insulation films; even in its deepest region (i.e., 
near the device separation regions), the junction depth 
is preferably about 2 times the thickness of the gate 
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electrode lateral wall insulation films. Figure 14 illus- 
trates an impurity diffused layer having an offset with 
respect to the gate electrode. The driving current of a 
device having such an offset is greatly deteriorated. 
[0090] Hereinafter, exemplary conditions for prevent- s 
ing or minimizing such an offset will be described. 
[0091] When allowing the impurity to diffuse deep 
enough to prevent any offset in the lateral direction, the 
diffusion depth in the lower direction is uniquely defined. 
Therefore, in order to improve the transistor characteris- 10 
tics, it is necessary to reduce the thickness of the gate 
electrode lateral wall insulation films while ensuring that 
the increase in the gate electrode lateral wall capaci- 
tance does not cause a substantial increase in the over- 
all load capacitance. In the present example, the 75 
thickness (denoted as b in Figure 7) of each gate elec- 
trode lateral wall insulation film is prescribed as about 
0.05 pm, as mentioned above. 

[0092] Now, specific data concerning the short-chan- 
nel effects and a heat treatment according to the 20 
present example will be described with reference to Fig- 
ures 23 to 26. 

[0093] Figure 23 illustrates such data concerning N- 
channel transistors which were produced by implanting 
phosphorous ions (as an impurity for forming the 25 
source/drain regions) with an implantation energy of 
about 50 keV in a dose amount of about 5 x I0 15 /cm 2 , 
and performing a heat treatment under the conditions of 
about 800°C (nitrogen atmosphere) for about 120 min- 
utes; about 850°C (nitrogen atmosphere) for about 30 30 
minutes; about 900°C (nitrogen atmosphere) for about 
10 minutes; or about 850°C (oxygen atmosphere) for 
about 30 minutes. 

[0094] Figure 24 illustrates such data concerning N- 
channel transistors which were produced by implanting 35 
phosphorous ions (as an impurity for forming the 
source/drain regions) with an implantation energy of 
about 50 keV in a dose amount of about 5x1 0 1 5 /cm 2 or 
about 1 x lO^/cm 2 , followed by a rapid thermal anneal- 
ing (RTA) at about 1050°C (nitrogen atmosphere) for 40 
about 10 seconds. 

[0095] Figure 25 illustrates such data concerning P- 
channel transistors which were produced by implanting 
boron ions (as an impurity for forming the source/drain 
regions) with an implantation energy of about 15 keV in 45 
a dose amount of about 5 x lO^/cm 2 , and performing a 
heat treatment under the conditions of about 800°C 
(nitrogen atmosphere) for about 120 minutes; about 
850°C (nitrogen atmosphere) for about 30 minutes; 
about 900°C (nitrogen atmosphere) for about 10 min- 50 
utes; or about 850°C (oxygen atmosphere) for about 30 
minutes. 

[0096] Figure 26 illustrates such data concerning P- 
channel transistors which were produced by implanting 
boron ions (as an irrpurity for forming the source/drain 55 
regions) with an implantation energy of about 15 keV in 
a dose amount of about 5 x lO^/cm 2 or about 1 x 
1 0 1 6 /cm 2 , followed by an RTA at about 1 050°C (nitrogen 



atmosphere) for about 10 seconds. 
[0097] The experimental results shown in Figures 23 
to 26 are all directed to gate electrode lateral wall insu- 
lation films having a thickness of 0.05 pm. As seen from 
these results, when producing N-channel transistors 
(where L = about 0.24 pm) by implanting phosphorous 
ions with an implantation energy of about 50 keV in a 
dose amount of about 5 x lO^/cm 2 , an optimum heat 
treatment can be performed under the conditions of 
about 850°C (nitrogen or oxygen atmosphere) for about 
30 minutes to about 900°C (nitrogen atmosphere) for 
about 10 minutes. It is seen from Figure 23 that it is 
insufficient to perform a heat treatment at about 800°C 
(nitrogen atmosphere) for about 120 minutes, which 
would result in offset transistors. When the dose 
amount is increased from about 5 x 10 15 /cm 2 to about 1 
x lO^/cm 2 , the enhanced diffusion of the highly-con- 
centrated impurity produced excellent results with an 
RTA at about 1050°C (nitrogen atmosphere) for about 
10 seconds. It can also be seen that, for a dose amount 
of 5 x lO^/cm 2 , performing an RTA at about 1050°C 
(nitrogen atmosphere) for about 10 seconds is insuffi- 
cient and therefore results in the formation of offset tran- 
sistors. 

[0098] When producing P-channel transistors (where 
L = about 0.24 pm) by implanting boron ions with an 
implantation energy of about 15 keV in a dose amount 
of about 5 x lO^/cm 2 , an optimum heat treatment can 
be performed under the conditions of about 850°C 
(nitrogen atmosphere) for about 30 minutes .to about 
900°C (nitrogen atmosphere) for about 10 minutes. It is 
seen from Figure 25 that it is insufficient to perform a 
heat treatment at about 800°C (nitrogen atmosphere) 
for about 1 20 minutes or at about 850°C (oxygen atmos- 
phere) for about 30 minutes, which would result in offset 
transistors. When the dose amount is increased from 
about 5 x 10 15 /cm 2 to about 1 x lO^/cm 2 , the diffusion 
is still insufficient for boron ions, thereby resulting in the 
formation of offset transistors as seen from Figure 26. 
[0099] As described above, it has been found that, in 
the case of transistors incorporating gate electrode lat- 
eral wall insulation films having a thickness of 0.05 pm. 
for either N-channel type or P-channel type transistors, 
an optimum heat treatment can be performed under the 
conditions of about 850°C (nitrogen atmosphere) for 
about 30 minutes to about 900°C (nitrogen atmosphere) 
for about 10 minutes in order to effect impurity diffusion 
through a single heat treatment. 

[01 00] The present example is a mere illustration of 
exemplary parameter values satisfying conditions 
a > b + c and d > a + c that were available to the 
inventors under the F = 0.24 pm rule, and by no means 
is restrictive of the scope of the invention. For example, 
the respective values of a. b. c, and d will be different 
under the smaller F = 0.1 pm rule. For that matter, a. b, 
c, and d may take different values that satisfy the condi- 
tions a > b + c and d > a + c under the F = 0.24 nm 
rule. In this connection, the values of the thickness f of 
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the gate electrode lateral wall insulation film and the 
maximum height g of the source/drain regions near the 
gate electrode may vary in accordance with the values 
of a, b, c, and d, and are by no means restricted to the 
values disclosed in the present example. The ion spe- 
cies to be implanted, implantation energy, dose amount, 
and heat treatment conditions should be optimized in 
accordance with the specific values of a, b, c, d, f, and 
g. Since the doping of the gate electrode and the forma- 
tion of the source/drain regions according to the present 
example are achieved by simultaneous implantation, 
care should be taken in performing such ion implanta- 
tion and heat treatment as to the following points. 
Namely, it is essential to achieve the aforementioned 
transistor characteristics (prevention of short-channel 
effects and improvement in the driving current) while 
satisfying the conditions for preventing depletion of the 
gate electrode in the vicinity of the gate insulation film 
and preventing penetration of the impurity into the chan- 
nel region (which is naturally subject to the thickness f 
of the polycrystalline silicon film). It would seem very dif- 
ficult to obtain optimum conditions because of the man- 
ner in which the respective parameters interact with one 
another. However, the present invention successfully 
achieves very large processing condition margins by 
prescribing a diffusion coefficient of the stacked layers 
at a relative large value as compared to the diffusion 
coefficient of the silicon substrate (monocrystalline sili- 
con). In other words, by first prescribing the values of a, 
b. c, and d so as to improve the driving current and pre- 
vent the short-channel effects while minimizing the area 
occupied by the device without making it impossible to 
process the device, some margins can be allowed for 
process conditions such as the f value, the g value, ion 
implantation, and the heat treatment. 
[01 01 ] Hereinafter, the reason why the present exam- 
ple is superior to methods which form stacked diffusion 
layers from an epitaxial silicon film will be described. 
[0102] As described above, in accordance with the 
structure of the present invention (as well as the con- 
ventional structure including stacked diffusion layers 
formed of an epitaxial silicon film) where an impurity is 
diffused by a solid phase diffusion method from a 
stacked layer to form a shallow source/drain junction, 
the conditions for performing the ion implantation, heat 
treatment, and the like may vary depending on the 
height of the gate electrode, the height of the stacked 
regions, the thickness of the gate electrode lateral wall 
insulation films, etc. In accordance with the present 
example where the stacked layers are formed of a poly- 
crystalline silicon film, the diffusion coefficient of the 
impurity can be increased so as to be about 10 to 100 
times as large as that of silicon monocrystalline film 
(note that the diffusion coefficient increases as the grain 
size of the polycrystalline silicon film decreases). In 
other words, a large margin can be allowed for the ion 
implantation and heat treatment. 
[0103] However, in a conventional example where 



stacked layers are formed of epitaxial silicon films, the 
diffusion coefficient of the gate polycrystalline silicon 
film greatly differs from that of the stacked layers. There- 
fore, it is impossible in accordance with such conven- 

s tional techniques to prescribe conditions for achieving 
the aforementioned transistor characteristics (preven- 
tion of short-channel effects and improvement in the 
driving current) while satisfying conditions for prevent- 
ing the depletion of the gate electrode in the vicinity of 

w the gate insulation film and penetration of the impurity 
into the channel region. 

[01 04] In other words, the impurity diffusion within the 
gate polycrystalline silicon film occurs more readily than 
the impurity diffusion within the stacked layers and the 

75 semiconductor monocrystalline substrate. Accordingly, 
if diffusion is effected under conditions for preventing an 
offset configuration of the transistor, then boron ions will 
penetrate through the gate oxidation film. On the other 
hand, if diffusion is effected under conditions for pre- 

20 venting the penetration of boron ions, then the resultant 
transistor will have an offset configuration. 
[01 05] Even in the case where simultaneous doping 
for the gate electrode is not performed, the technique of 
forming source/drain regions by diffusing an impurity 

25 from a polycrystalline silicon film into a monocrystalline 
silicon (i.e., the semiconductor substrate) through ther- 
mal diffusion provides the following advantages: the 
impurity diffuses quite rapidly to the interface between 
the active region surface of the semiconductor substrate 

30 and the deposited polycrystalline silicon film due to the 
large difference in the diffusion coefficients thereof. 
[01 06] On the other hand, the diffusion from the inter- 
face into the silicon substrate proceeds slowly due to 
the small difference in the diffusion coefficients thereof. 

35 As a result, the variation in the height of the stacked lay- 
ers and the variation in the projected range (Rp) during 
impurity ion implantation can be minimized, thereby 
realizing a uniform source/drain region junction depth. 
[01 07] On the other hand, in the case where a monoc- 

40 rystalline epitaxial silicon film is grown in the active 
region, the diffusion coefficient of the impurity within 
stacked monocrystalline epitaxial silicon and the diffu- 
sion coefficient within the semiconductor substrate are 
substantially equal, so that the variation in the height of 

45 the stacked layers and the variation in Rp during impu- 
rity ion implantation result in variation in the 
source/drain region junction depth and hence variation 
in the transistor characteristics. 

[01 08] In the case where simultaneous doping for the 
so gate electrode is not performed, a method described in 
Example 4 (described later) or a method of employing 
phosphorous diffusion for doping with an impurity of the 
same conductivity type for all of the gates can be used, 
for example. It will be appreciated that the resultant P- 
55 channel transistor in the latter case will be a buried 
channel type transistor. 

[0109] According to the present invention, there is 
also an advantage in that the active region is not sus- 
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ceptible to damage because the ion implantation is not 
directly performed for the active region. 
[01 10] As shown in Figure 8E, a refractory metal sili- 
cide film 309 is selectively formed above the source, 
drain, and gate electrodes by using a well-known sali- s 
cide process. Although the present example contem- 
plates titanium as the refractory metal film, there is no 
limitation as to the kind of refractory metal. For example, 
Co, Ni, Pt, or the Hike may be used as the refractory 
metal. In the present example, the entire upper surface 10 
of the source, drain, and gate electrodes is converted 
into a salicide. 

[01 11 ] Then, as shown in Figure 8F, an interlayer insu- 
lation film 310 is formed by a well-known method. 
[0112] Next, as shown in Figure 8G, a contact hole is 

311 is formed in a predetermined position in the inter- 
layer insulation film 310, and thereafter upper wiring 

312 is formed. In the present example, each contact 
hole 31 1 only needs to at least partially overlap a corre- 
sponding source/drain region as shown in Figure 8G. so 
By employing such a configuration, the area occupied 

by the device can be greatly reduced. 
[01 1 3] Since source/drain regions each having a rela- 
tively large surface area as compared to the area which 
they occupy are formed so as to be stacked above the 25 
channel region in accordance with the present example, 
a large contact area is secured between the contact 
holes 311 and the source/drain regions even if each 
contact hole 31 1 only partially overlaps the correspond- 
ing source/drain region. As a result, the contact resist- 30 
ance is prevented from increasing while reducing the 
junction area of the source/drain regions. 
[01 1 4] Figure 1 5 is a plan view of a conventional sem- 
iconductor substrate. The transistor device shown in 
Figure 15 has a gate length L (note that the gate length 35 
L usually equals the minimum processing dimension F) 
and a gate width W. Conventionally, a margin of about 
2.5L to 3L is required between a gate electrode and a 
device separation region: this margin is a sum of a width 
o of the contact hole aperture, an alignment margin p 40 
(for preventing short-circuiting between upper wiring in 
the contact hole and the gate electrode) and an align- 
ment margin q (for preventing short-circuiting between 
the contact and the semiconductor substrate or well 
region). Thus, the active region of the transistor shown 45 
in Figure 15 occupies an area in the range from 
(2.5L x 2 + L) x W to (3L x 2 + L) x W , i.e., 6LW to 
7LW. 

[0115] Figure 16 is a plan view showing a semicon- 
ductor substrate produced in accordance with the so 
present example. The margin between the gate elec- 
trode and the device separation region in Figure 16 only 
needs to be about 2/3L. (In Figure 7, a = 0.16 urn 
assuming that F = 0.24 um). The area occupied by the 
active region according to the present example is (2/3 L ss 
x 2 + L) x W = 7/3 LW. Thus, the area occupied by the 
active region according to the present example is about 
7/18 to 1/3 times smaller than the area occupied by the 



active region in the conventional structure shown in Fig- 
ure 15 per device. 

[0116] Moreover, the junction parasitic capacitance 
according to the present example can be reduced to 
about 4/15 to 2/9 times that of the conventional device 
shown in Figure 15. However, the area which is occu- 
pied by an LSI that is produced in accordance with the 
present example may not be reduced to 7/18 to 1/3 
times that of a conventional LSI because of wiring pitch 
constraints, contact pitch constraints, and other con- 
straints which the entire LSI will be subject to. 

(Example 4) 

[01 1 7] Hereinafter, a method for producing a semicon- 
ductor device according to Example 4 of the present 
invention will be described. 

[01 1 8] Figures 1 7A to 1 7G show respective steps of a 
process of manufacturing a semiconductor device 
according to the present example. The gate electrode 
according to the present example is formed of a refrac- 
tory metal, a polycrystalline silicon film, or the like. 
[0119] As shown in Figure 17A, a known method is 
employed to form device separation regions 402, a gate 
oxide film 403, a gate electrode 404, and gate electrode 
lateral wall insulation films 405 on a semiconductor sub- 
strate 401 , or a well region provided therein. The gate 
electrode 404 is formed so as to have a three-layer 
structure including a titanium nitride film 4042 inter- 
posed between a polycrystalline silicon film 4041 and a 
tungsten film 4043. 

[0120] The titanium nitride film 4042 is employed so 
as to prevent the polycrystalline silicon film 4041 and 
the tungsten film 4043 from reacting with each other in 
a subsequent heat treatment. If the polycrystalline sili- 
con film 4041 and the tungsten film 4043 react with 
each other, a tungsten salicide film is formed, thereby 
increasing the resistance of the gate electrode 404. 
[01 21 ] The polycrystalline silicon film 4041 in the gate 
electrode 404 is previously doped with boron ions in the 
case of a P-channel transistor, and phosphorous ions in 
the case of an N-channel transistor. 
[0122] On the gate electrode 404, an insulation film 
406 is formed which is composed essentially of a silicon 
oxide film or a silicon nitride film. Each of the gate elec- 
trode lateral wall insulation films 405 formed on the 
sides of gate electrode 404 is composed essentially of a 
two-layer film including a silicon oxide film and a silicon 
nitride film. 

[0123] The semiconductor device according to the 
present example is designed by using an F = 0.18 
rule. The respective dimension parameters are pre- 
scribed as follows: a = about 0.12 pm; b = about 0.03 
um; c = about ± 0.06 um; and d = about 0.25 iim, where 
a represents the distance from the gate electrode 404 to 
each device separation region 402; b represents the 
thickness of each gate electrode lateral wall insulation 
film; c represents an alignment margin for aligning the 
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gate electrode 404 with respect to each device separa- 
tion region 402; and d represents the width of each side 
wall (Figure 17C). By using the aforementioned values 
for parameters a to d, the height of the gate electrode 
404 including the insulation film 406 thereon is about 
200 to about 300 nm. 

[01 24] As in Example 3, the polycrystal line silicon film 
407 is deposited by a chemical vapor deposition (CVD) 
method (Figure 17B). In the present example, it is 
assumed that the polycrystalline silicon film 407 is 
deposited to a thickness of about 300 to about 400 nm. 
[0125] The polycrystalline silicon film 407 is etched 
back (Figure 17C) under the same etching back condi- 
tions as in Example 3. Merely performing an etch-back 
process leaves the polycrystalline silicon film 408 
around the gate electrode 404 with the gate electrode 
lateral wall insulation films 405 interposed therebe- 
tween. Now, in order to utilize the polycrystalline silicon 
film 408 as stacked source/drain regions, it is necessary 
to separate the source/drain regions. In the present 
example, the etching may be performed so as to allow a 
degree of side etching to ensure that the source/drain 
regions are securely separated even in the case where 
the gate electrode lateral walls are not substantially per- 
pendicular with respect to the substrate surface. 
[0126] As shown in Figure 17D. impurity ions are 
implanted to form the source/drain regions. According 
to the present example, unlike in Example 3. only the 
doping for the regions to become the source/drain 
regions is performed when forming the source/drain 
regions. Otherwise the same implantation conditions, 
heat treatment conditions, and the like as in Example 3 
are employed. 

[0127] As shown in Figure 17E, a refractory metal sil- 
icide film 409 is selectively formed above the 
source/drain regions by using a well-known salicide 
process. Although the present example contemplates 
titanium as the refractory metal film, there is no limita- 
tion as to the kind of refractory metal. For example, Co, 
Ni, Pt, or the like may be used as the refractory metal. 
[0128] In the present example, the gate electrode 404 
is formed of tungsten which has a lower resistance than 
that of a metal silicide film, and a silicon oxide film or a 
silicon nitride film is present above the gate electrode 
404. Accordingly, only the surface of the source/drain 
regions is converted into a silicide. 
[0129] Then, as shown in Figure 17F, an interlayer 
insulation film 410 is formed by a well-known method. 
[0130] Next, as shown in Figure 17G, a contact hole 

41 1 is formed in a predetermined position in the inter- 
layer insulation film 410. and thereafter upper wiring 

41 2 is formed on the interlayer insulation film 41 0 and/or 
in the contact hole 411. In the present example, each 
contact hole 41 1 only needs to at least partially overlap 
a corresponding source/drain region as shown in Figure 
17G. By employing such a configuration, the area occu- 
pied by the device can be greatly reduced. 

[0131] According to the present example, the insula- 



tion film 406 is present on the gate electrode 404. 
Therefore, even if the contact hole 41 1 partially overlaps 
the gate electrode 404. the source/drain region is pre- 
vented from being short-circuited with the gate elec- 

5 trode 404 via the conductor disposed in the contact hole 
411 . As a result, the present example can provide more 
designing flexibility with respect to the locations of the 
contact holes than does Example 3. 
[0132] As a result, it is unnecessary to provide any 

to margin (including alignment margins) for preventing 
short-circuiting between the upper wiring in the contact 
hole 411 and the gate electrode 404 according to the 
present example. Specifically, different materials may 
be employed for the interlayer insulation film 410 and 

15 the insulation film 406 on the gate electrode 404, and an 
etching process which provides an etching selection 
ratio between the material of the interlayer insulation 
film 410 and the material of the insulation film 406 on 
the gate electrode 404 may be employed to etch the 

20 interlayer insulation film 410 to create the contact hole 
411. 

[01 33] For example, in the case where the insulation 
film 406 on the gate electrode 404 is a silicon nitride film 
and the interlayer insulation film 410 is a silicate glass or 

25 the like containing boron and phosphorous, an etching 
selection ratio from 1 :10 to over 1 :100 can be provided 
for the silicon nitride film 406 and the silicate glass film 
410 containing boron and phosphorous by employing a 
fluorocarbon type gas. By forming the contact hole 411 

30 through such etching, the gate electrode 404 can be 
prevented from being exposed. 
[01 34] The selection ratio consideration for the afore- 
mentioned contact hole etching also applies to the rela- 
tionship between the device separation regions and the 

35 interlayer insulation film. 

[01 35] Specifically, the contact holes 41 1 are partially 
in contact with the device separation regions in Exam- 
ple 3 and the present example. If there is no substantial 
difference between the etching rate of the material for 

40 the interlayer insulation film 41 0 and that of the material 
for the device separation regions, a recess may be 
etched into the device separation regions during the 
contact hole etching. In order to circumvent this prob- 
lem, it is preferable to employ a material (e.g., silicon 

45 nitride film) which provides a certain etching selection 
ratio relative to the interlayer insulation film 410 for at 
least the superficial portion of the insulation film com- 
posing the device separation regions. 
[01 36] It is preferable that the grain size of the stacked 

so layers of polycrystalline silicon films according to Exam- 
ple 3 and the present example be sufficiently small rela- 
tive to the area occupied by the source/drain regions. As 
described in Example 3, in order to provide large proc- 
ess margins (margins for the impurity ion implantation 

55 conditions, heat treatment conditions, etc. for forming 
the source/drain regions) so as to prevent variation in 
the transistor characteristics, it is preferable that the dif- 
fusion coefficient of the stacked layers of polycrystalline 
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silicon films with respect to the silicon substrate is suffi- 
ciently large (preferably 1 0 times or more of the diffusion 
coefficient within monocrystaliine silicon). 
[0137] The diffusion of a given impurity within a poly- 
crystalline silicon film is more enhanced as more grain s 
boundaries are present in the film. In other words, it is 
necessary to employ a grain size which is sufficiently 
small relative to the area occupied by the source/drain 
regions. The grain size of the polycrystaliine silicon film 
is preferably about 50 nm or less because the margin 10 
between the gate electrode and the device separation 
region is only about 0.16 fim even under the relatively 
large F = 0.24 nm rule. It is also preferable that the 
grains are columnar crystals because they would 
greatly increase the rate of downward diffusion toward is 
the silicon substrate. 

[01 38] According to Example 3 and the present exam- 
ple, polycrystaliine silicon films are used as the material 
forming the stacked source/drain regions. Other suita- 
ble materials include silicon germanium (polycrystal- 20 
line) films and the like. A single layer amorphous film of 
silicon or silicon germanium (Si x Gey) or a two-layer film 
of amorphous and polycrystaliine materials may be 
employed to form the stacked source/drain regions. 
When silicon germanium is used, an improved impurity 25 
activation rate is provided as compared to the case of 
using silicon. 

(Example 5) 

30 

[0139] Hereinafter, an exemplary configuration of the 
semiconductor device according to the present inven- 
tion in which an SOI (silicon on insulator) substrate is 
employed as a substrate will be described with refer- 
ence to Figure 18. 35 
[0140] Figure 18 is a cross-sectional view illustrating 
the semiconductor device according to the present 
example, taken along a direction (X-X') which is perpen- 
dicular to the longitudinal direction of a gate electrode 
507 of the semiconductor device. 40 
[0141] The semiconductor device shown in Figure 18 
is formed on an SOI substrate 501 ; an oxide film 502 
formed on the SOI substrate 501 ; an active region 503; 
a body region 504; device separation regions 505; a 
gate oxide film 506; a gate electrode 507; a gate elec- 45 
trode lateral wall insulation film 508; source/drain 
regions 509; refractory metal silicide films 510; an inter- 
layer insulation film 511 ; and a contact hole 512. 
[0142] The surface of each source/drain region 509, 
i.e., the face in which the contact hole 512 is made for so 
coupling with upper wiring (not shown) and/or which is 
in contact with the interlayer insulation film 51 1 , exhibits 
a curved and/or slanted profile as in Examples 1 to 4. 
Moreover, in accordance with the semiconductor device 
shown in Figure 18. silicon (polycrystaliine silicon film) 55 
which is stacked above the channel region is present on 
the SOI substrate 501 . Therefore, in the salicide proc- 
ess, the surface of the silicon film which is stacked 



above the channel region reacts with the refractory 
metal to form a suicide film. As a result, the silicide film 
is prevented from reaching the oxide film 502 in the SOI 
substrate 501 . 

[0143] On the contrary, in a semiconductor device 
incorporating a conventional SOI substrate, the thick- 
ness of the silicon film on the oxide film is generally 
made extremely small in order to achieve full depletion 
of the body region. However, a smaller thickness of the 
silicon film results in a higher resistance of the 
source/drain regions. This problem would seem to be 
solvable by converting the source/drain region surface 
into a silicide and forming a refractory metal silicide film. 
However, due to the small silicon film thickness, the sili- 
cide film would reach the silicon oxide film underlying 
the silicon film, thereby deteriorating the transistor char- 
acteristics. 

[0144] As described above, in accordance with the 
present example, the silicide film is prevented from 
reaching the oxide film 502 in the SOI substrate 501 , so 
that the deterioration of the transistor characteristics 
due to silicide formation is prevented. 

(Example 6) 

[0145] Examples 1 and 5 are indifferent to the relation- 
ship between the distance between two adjoining gate 
electrodes and the side wall width d. In Example 6, a 
semiconductor device is described with reference to 
Figures 19 A, 19B, 20, and 21, in which the distancebe- 
tween two adjoining gate electrodes is smaller than two 
times the side wall width d. 

[0146] Figure 1 9A is a cross-sectional view illustrating 
a semiconductor device in which the distance t between 
two adjoining gate electrodes is smaller than two times 
the side wall width d, taken along a direction (X-X") 
which is perpendicular to the longitudinal direction of 
gate electrodes of the semiconductor device (2d > t). 
[0147] Device separation regions are formed on a 
semiconductor substrate, or a well region provided 
therein. The device separation regions are formed of a 
material which withstands silicon etching. Next, a gate 
oxidation film, gate electrodes 606 and 607, and gate 
electrode lateral wall insulation films 608 are formed in 
this order so that the distance between the adjoining 
gate electrodes 606 and 607 is smaller than two times 
the width d of each side wall (i.e., the source/drain 
region 609), i.e., 2d > t. The distance between the gate 
electrode and each device separation region along the 
direction (i.e., the "gate length direction-JpC-X") which is 
perpendicular to the longitudinal direction of the gate 
electrodes 606 and 607 is denoted as a in Figure 17A. 
[0148] Next, a polycrystaliine silicon film is deposited 
by a CVD method so as to be thicker than the distance 
a. An anisotropic etching is performed until the poly- 
crystaliine silicon film above the gate electrode is sub- 
stantially etched away. The remainders of the 
polycrystaliine silicon film are left on the sides of the 
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gate electrode lateral wall insulation films 608 in the 
fashion of side walls. However, as shown in Figure 19 A, 
a region including overlapping source/drain regions is 
formed between the two adjoining gate electrodes 606 
and 607. 5 
[0149] Figure 19B shows an equivalent circuit of the 
semiconductor structure shown in Figure 19 A, where 
transistors are connected in series. In order to ensure 
that the respective transistors become independent of 
each other (i.e.. so that the source/drain regions of 
adjoining transistors are separated into discrete 
source/drain regions) under the condition 2d > t (i.e., so 
as to reduced the occupied area), a method shown in 
Figure 20 or 21 can be adopted. For example, as shown 
in Figure 20, the source/drain regions may be separated 
by etching or the like. The etching for separating the 
source/drain regions 610 can be performed concur- 
rently with the etching for eliminating the remainders of 
the polycrystalline silicon film around the gate electrode 
lateral wall insulation films as shown in Figure 10, 
thereby preventing an increase in the number of etching 
steps. 

[0150] Alternatively, a dummy gate electrode may be 
formed for separation between the source/drain 
regions, as shown in Figure 21 . 
[0151] The subsequent steps are similar to those 
described in Example 3. and the description thereof is 
omitted. 

[0152] Although Examples 1 -4 and 6 assume that the 
substrate of the semiconductor device is a bulk silicon 
substrate, the substrate is not limited thereto. For exam- 
ple, an SiC substrate or a sapphire substrate can be 
employed to practice the present invention. 
[0153] According to the present example, the surface 
of each source/drain region exhibits a curved and/or 
slanted profile in a cross section taken along the direc- 
tion (X-X*) perpendicular to the longitudinal direction of 
the gate electrodes. As a result, the surface area of 
each source/drain region of the semiconductor device 
(relative to the area which is occupied by the 
source/drain region) can be more effectively increased 
according to the present example than in conventional 
structures incorporating source/drain regions having a 
linear profile. 

[0154] By etching back polycrystalline silicon to form 
source/drain regions stacked above the channel region 
according to the present example, source/drain regions 
206 having a rugged surface can be formed, thereby 
providing a further increased surface area. 
[01 55] According to the present invention, it is easy to 
reduce the junction depth of the source/drain region 
impurity diffusion layers relative to the channel region of 
the transistor. As a result, so-called short channel 
effects can be effectively prevented. Such a shallow 
junction can be realized without employing an epitaxial 
growth technique, thereby controlling the short channel 
effects. Moreover, the cOffusion control according to the 
present invention is easier than in the case of using an 



epitaxial growth technique, resulting in smaller variation 
in the device characteristics. Since the active region is 
not exposed to the atmosphere after the source/drain 
regions are formed, the active region is prevented from 
bang damaged and/or contaminated during etching 
and/or ion implantation. 

[0156] In accordance with an embodiment of the 
invention, when performing a heat treatment for diffus- 
ing and activating an impurity, the diffusion occurs very 
rapidly down to the interface with the semiconductor 
substrate, but only slowly into the silicon substrate. As a 
result, the depth of the source/drain regions from the 
interface with the semiconductor substrate is less likely 
to be affected by variation in the height of the stacked 
regions, thereby making it possible to produce a shallow 
junction with much controllability. 
[0157] In accordance with an embodiment of the 
invention, the grain size of the polycrystalline silicon is 
about 50 nm or less so that it is possible to minimize the 
variation in the width of the polycrystalline silicon side 
walls due to the grains of polycrystalline silicon, and it is 
also easy to control diffusion, thereby minimizing varia- 
tion in the device characteristics. 
[0158] In accordance with the structure of the inven- 
tion, the problem of low yield due to vertical protrusions 
of gate portions during manufacture of semiconductor 
devices can be relieved. For example, it is easy to flatten 
the interlayer insulation film. Moreover, in a conventional 
structure including vertical protrusions of gate portions, 
the etching rate for an etch stopper layer may undesira- 
bly increase at vertical protrusions of gate portions dur- 
ing the contact etching in a self -aligned contact (SAC) 
process, thereby resulting in contact insufficiency. Such 
problems are also prevented by the present invention. 
[0159] In accordance with an embodiment of the 
invention, the above-illustrated stacked source/drain 
regions can be easily obtained simply by prescribing an 
etching amount to ensure removal of the polycrystalline 
silicon film above the gate electrode. Since a polycrys- 
talline silicon film is deposited whose thickness is larger 
than the distance between the gate electrode and each 
device separation region (i.e., the width of each 
source/drain region), the silicon substrate is prevented 
from being exposed and damaged by an anisotropic 
etch-back process. By forming the stacked layers by the 
sides of the gate electrode lateral walls through an ani- 
sotropic etch-back process, it is ensured that the end of 
each stacked layer extends at least partially onto a 
device separation region, which is formed of a material 
which substantially withstands silicon etching. 
[0160] In accordance with an embodiment of the 
invention, the introduction of an impurity to become a 
donor or acceptor in the source region, drain region, 
and a gate electrode can be simultaneously performed 
by an ion implantation process. As a result, a surface 
channel-type device can be produced by a small 
number of ion implantation steps. As described above, 
the stacked layers of source/drain regions (which are 
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stacked above the semiconductor substrate) are com- 
posed of a materia! such that the diffusion coefficient of 
an impurity within the stacked layers is larger than the 
diffusion coefficient of an impurity within the semicon- 
ductor substrate. As a result, even by simultaneously 5 
performing the impurity doping tor the gate electrode 
and the impurity doping for the source/drain regions, it is 
possible to produce a device which can prevent the 
depletion of the gate electrode and the penetration of 
the impurity into the channel region, and which does not 10 
have an offset configuration (i.e., a configuration in 
which the source/drain regions do not substantially 
reach the channel region in the lateral direction due to 
insufficient diffusion). 

[01 61 ] A semiconductor device produced according to is 
the present invention includes a device separation 
region, an active region, a gate oxide film, a 
source/drain region, and an electrode which is electri- 
cally coupled to the source/drain region, in such a man- 
ner that the active region is in contact with the gate 20 
oxide film at a first face, a portion of the source/drain 
regions being located above the first face; and that the 
electrode is in contact with the source/drain region at a 
second face, the second face constituting an angle with 
respect to the first face. As a result, the area occupied 25 
by the source/drain regions can be reduced, thereby 
reducing the parasitic capacitance and parasitic resist- 
ance of the source/drain regions. 
[0162] The surface area of each source/drain region 
can be increased relative to the area which is occupied 30 
by the source/drain regions on the active region. As a 
result, the contact area between the source/drain 
regions and the upper wiring can be increased, thereby 
lowering the contact resistance. 

[01 63] Since the distance between the channel region 35 
and a contact hole is very small, the distance between 
the high-resistance impurity diffusion regions, over 
which an electric current flows, becomes very small. As 
a result, the parasitic resistance is minimized. 
[0164] Since the size of the area occupied by the 40 
device, especially the area occupied by the source/drain 
regions, can be reduced without changing the size of 
the upper wiring to source/drain contact, it is possible to 
minimize the junction area between the source/drain 
regions and the semiconductor substrate (or a well 45 
region having the opposite conductive type to that of the 
source/drain regions in a general CMOS device) without 
increasing the upper wiring to source/drain contact 
resistance. As a result, the junction capacitance can be 
effectively reduced. Accordingly, the occupied area, the so 
parasitic capacitance (junction capacitance), and the 
parasitic resistance can be reduced without increasing 
the contact resistance. Consequently, a very large 
transconductance is obtained, and yet the capacitance 
required for charging is reduced. Thus, the operation ss 
speed of the circuitry designed in accordance with the 
present invention is improved. 

[0165] In accordance with the present invention, the 



ratio of the region having a high resistance within the 
current path is very small, so that the parasitic resist- 
ance of the source/drain regions is reduced as com- 
pared to that of a conventional semiconductor device. 
Furthermore, the current path is expanded toward the 
contact and away from the portions of the source/drain 
regions adjacent the channel region, thereby minimizing 
the parasitic resistance. Due to these effects, the cur- 
rent driving performance and the transconductance of 
the device are improved. 

[01 66] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1 . A semiconductor device comprising a device sepa- 
ration region and an active region, 

the semiconductor device including a gate 
oxide film, a source/drain region, and an elec- 
trode which is electrically coupled to the 
source/drain region. 

wherein the active region is in contact with the 
gate oxide film at a first face, a portion of the 
source/drain regions being located above the 
first face; and 

wherein the electrode is in contact with the 
source/drain region at a second face, the sec- 
ond face constituting an angle with respect to 
the first face. 

2. A semiconductor device according to claim 1, 
wherein the second face is substantially rugged. 

3. A semiconductor device according to claim 1, 
wherein a portion of the source/drain region par- 
tially covers the device separation region. 

4. A semiconductor device according to any one of 
claims 1 to 3, wherein the height of the source/drain 
region as measured from the first lace along a 
direction perpendicular to the first face increases 
toward the gate electrode. 

5. A semiconductor device according to claim 1, 
wherein the second face has a curved profile. 

6. A semiconductor device according to claim 1, 
wherein a portion of a contact hole for interconnect- 
ing the source/drain region and upper wiring is 
present on the surface of the source/drain region. 

7. A semiconductor device according to claim 6, 
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wherein a distance between an end of the gate 
electrode and an end of the contact hole that is 
located away from the gate electrode in a cross 
section extending along a direction perpendicular to 
a longitudinal direction of the gate e!ectrode and s 
through a center of the contact hole is larger than a 
distance between the end of the gate electrode and 
an interface between the active region and the 
device separation region. 

8. A semiconductor device according to claim 1, 
wherein a width of the contact hole as measured in 
a cross section extend ng along a direction perpen- 
dicular to a longitudinal direction of the gate elec- 
trode and through a center of the contact hole is 
larger than a distance between an end of the gate 
electrode and an interface between the active 
region and the device separation region. 

9. A semiconductor device according to claim 6 
wherein, in a cross section extending along a direc- 
tion perpendicular to a longitudinal direction of the 
gate electrode, a distance between an end of the 
gate electrode and an interlace between the active 
region and the device separation region is smaller 
than a width of the gate electrode, the width of the 
gate electrode defining a gate length of the semi- 
conductor device. 

10. A semiconductor device according to claim 1, 
wherein a diffusion coefficient of an impurity within 
a stacked layer constituting the source/drain region 
is larger than a diffusion coefficient of an impurity 
within the semiconductor substrate. 

11. A semiconductor device according to claim 10, 
wherein the diffusion coefficient of the impurity 
within the stacked layer is about 2 to about 100 
times as large as the diffusion coefficient of an 
impurity within the semiconductor substrate. 

12. A semiconductor device according to claim 10, 
wherein the stacked layer comprises polycrystalline 
silicon. 

13. A semiconductor device according to claim 12, 
wherein the polycrystalline silicon comprises 
columnar crystals. 

14. A semiconductor device according to daim 12, 
wherein the polycrystalline silicon has a grain size 
of about 50 nm or less. 

15. A semiconductor device according to claim 1, 
wherein a surface of the gate electrode and the 
source/drain region is covered by a two-layer film, 
the two-layer film comprising a polycrystalline sili- 
con film and a refractory metal silicide film. 



16. A semiconductor device according to claim 1, 
wherein a junction depth of the source/drain region 
from the first face is about 0.8 to about 2 times as 
large as a width of the gate electrode lateral wall 
insulation film. 

17. A method for producing a semiconductor device 
comprising a device separation region and an 
active region, the method comprising the steps of: 

forming the device separation region on a sili- 
con substrate from a material which substan- 
tially withstands silicon etching; 
sequentially forming a gate insulation film, a 
gate electrode, and a gate electrode lateral wall 
insulation film; 

coating a polycrystalline silicon film having a 
thickness which is larger than a distance 
between the gate electrode and the device 
separation region along a direction perpendic- 
ular to a longitudinal direction of the gate elec- 
trode; and 

performing an anisotropic etching until the 
polycrystalline silicon film above the gate elec- 
trode is substantially removed. 

18. A method according to claim 17, further comprising 
an ion implantation step of introducing an impurity 
to form the source/drain region, the impurity 
becoming one of a donor and an acceptor, and 
wherein the gate electrode is formed by the intro- 
duction of the impurity to become the one of a 
donor and an acceptor; and 

the introduction of the impurity to become the 
one of a donor or an acceptor for the gate elec- 
trode and the source/drain region is performed 
simultaneously by ion implantation. 

19. A method for producing a semiconductor device 
comprising the steps of: 

forming a device separation region on a silicon 
substrate from a material which substantially 
withstands silicon etching; 
sequentially forming a gate insulation film, a 
gate electrode, and a gate electrode lateral wall 
insulation film; 

coating a polycrystalline silicon film; 
performing an anisotropic etching until the 
polycrystalline silicon film above the gate elec- 
trode is substantially removed; and 
removing a portion of the polycrystalline silicon 
film, the polycrystalline silicon film having been 
formed on a lateral wall of the gate electrode 
with the gate electrode lateral wall insulation 
film being interposed between the polycrystal- 
line silicon film and the lateral wall of the gate 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. claims: 1-16 

Semiconductor device comprising a device separation region 
and an active region, including a gate oxide film in contact 
with the active region at a first face and a raised 
source/drain region including an electrode, wherein the 
electrode is in contact with the source/drain region at a 
second face, the latter forming an angle with the first 
face. 



2. claims: 17-19 

Method of manufacturing a semiconductor device comprising 
the steps of: forming a device separation region, a gate 
stack with insulating sidewalls and raised source/drain 
regions formed by depositing a polycrystall ine silicon layer 
and subsequently etching it back until the polycrystall ine 
silicon above the gate electrode is removed. 
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